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ABSTRACT : PROBLEM TO BE SOLVED: To realize further reduction of the on-resistance of a 
MOSFET in a storage mode. 

SOLUTION: The impurity concentration in a part 5b, which is arranged in the surface part 
of a first conductivity-type semiconductor layer 2, of a surface channel layer 5 is set so as 
to become higher than that of the layer 2. The on-resistance of a MOSFET is decided by 
the contact resistance between a source electrode 10 and source regions 4a and 4b, the 
internal resistances of the source regions 4a and 4b, a storage channel resistance in a 
channel region formed in the layer 5, an internal resistance in the layer 5, a JFET 
resistance in a JFET part, an internal resistance in the layer 2, the internal resistance of a 
semiconductor substrate 1 and the contact resistance between the substrate 1 and a drain 
electrode 1 1 , and the sum total of these resistances becomes the on-resistance of the 
MOSFET. Accordingly, the internal resistance in the layer 5 is reduced, whereby the 
on-resistance of the MOSFET is reduced. 
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■ 2fiW*^Wttn. n- MiSHfc 

M4H££Ji:6H£*:{2:3C-S i CJifcfc*.' 
[0034] C03 ( b ) ^frflS} n- SUtftS* 
xe^2O±OBf5E«^CLT0K2 0trl£gL. Ztl 

SALT, p- ffi0MfcgS**-*««3a. 3b£»?ti 

dOt^O^jf^A^fNi. 2SJS* J 7 0 0'C 
t. K-XI*sixl0 16 cm-Ji:U^I.. 
[00 3 5] C03 (c ) .ttfrtlM) LTO&2 0* 



3 a. 3 borage K^ffi^r*^ 
700*C. K-X4*Jlxi0 16 cm-i>LT^S. ' Z 

a. 3b nmrn&x-im&ztix nSiPFKftau&ss 

Un- MMbLXBtfLZti. n- S0t-ffcI£^xtrJ12O 
[0 03 6] 4/,:. SgS^V-MOSFET^y— 

*7ffl(r*-*:ttf>c. *;mi 5 (mm) 

&&B&jb & . Z crgkmi<!&il±X7jkZti& . 
[0037] 
[»2] 



Tep i 



Nd+Na 
NONA 



Vbui I t 



■ / 2es 1 / . Qs 

+ J-^-'!^-{* m * 



+Qf c+Qi+Qss 



' [ 0 0 3 8 ] {I t . . Tepi (4 n- Mlfc£#S££Jf<7> 

„ Qs tty-MMMt mm.) 74^11!^ 
Qf cfiy-h&ftJBI (Si0 2 ) tn- WMb<?> 
SOUS (l£TF\ Si0 2 /S i C#®i:V>-5 ) 

Qitei£ft$l4><0"5riMtf>\ QssliSiOj 

/s i c#iB*>»ii*fflN cattty- Me«w (iSYt 

B) 7tfDSS£^LT^£. 

[0039] ClOSfciS 2 Cjj?S*l**SHJIS 1 JStefiffiy 
t^B5tp- MU*fl^g<-^fa«3a. 3b to 
P N^iOhVP h 4 >-^EVbuilt izX &QZm<7)WV 

a. -r^^p- ^tst^iisa. 3b*^ 

fi, -r&fc^y- h&stK 7 a^aar?-* */wi 5 
tfh&zm<nwvm.x'hz>* m^>x. p- M0tftgst< 
-^tS3a. 3bfrt>&&&£zmnmf&b. y- 

h f&ISBI 7 & QZM £9#U"fi £ iOfa*^ ra f - -v 
*/W8 5 OH^Lhfc 2 o iz-tixtfrnm^V-MO 

e&firzmfzi-* 0*4 *>mjkftx'mw^*>i>m 

[0 04 0] Z<7)J:oKtS--?V*7W<?>%m'-<7-M 
OSFETIi, 'cizj: -oT Y- 1- CffiKIBE*^ 

TS^ttarSlfc-f & £ 2: #T'# 5 . ifc. H 1 \ZjfcTS. 



Cox / 

'ji:, p- S^^LS^^-^S^Sa. 3bti. y-^. 
«ffiiot««tTv^«ift#aBt*o't.^*. 

^ffi^^^Jf5 2:p- MDt-fl^<-^.fSi^3 
a. 3bt<50PN^-^t>h-f y^JIVbuilt ^rfiJM 
LT^ffi^ -r^Hf 5 SKm7.t'4 C i: *>*T^ l» . 
fO^tf. P" Sftfl3aai6^-^«K3a. 3b*<^ife$ 
tLX < T 7 n— r yy^t to T W h i%r&lzii % 

tvn->f >-«ffvbuiit zmmtxp- w$n&£m<- 

^i«3a, Sbs&^^S^Stf-rii^oifc^Tt 
Kc^fiab. p- fiDMfc»^-^««3a. 3b$rV- 
X^Effil 0 tm&Zi£&Ztl±. *m+**fl-M5t:}£ 

ytty-tzwzG&iKmmx'hzi:^*, . ^tj. * 

3a. 3b Sr^Bg LTV%^>^ ^M?%ig^2r 

m < -r ^ i t iz x o tvp h >\ >^svbui it t x o ±# 

[004 1 3 ^/,:. *llill^JKT'i4Kift^aiCJ:oTiS 
SyCT7-MOSFET2-^tLTl^jE>»\ iil^^'Jn 
>Srffl^-C®3tLia p- S^-ftS^^-^ 

^3 a . 3 b*m®^**;WI 5«OTt64MI&^jS 

o iz S i C 1 1 (- «fc o . 0 a > 

tit^taSKilA'V-MOSFET^ijlt^: 

[0042] £tz. S-WXyWtrffim^V-MOS 



BNSDOCID-. <JP_411 26601 7A_J_> 



(7) 



^KH 1 ! 1-266017 



f e TKirirty&fcii. ±i£®^ 2 ntkwzmtz-r i o 

. ya^&MtifcJte&ttVbuilt tf&\,\t:#>. mm** 

&, Li'U'A^. S iC&JBVVtt&^fcltiVbuilt # 
crmmWM O S F ETSrHitf S CtiWftS kl* 

[004S] r;i2i4 ( a > (cattxa:) mm+^wvm 

5<Oj-.^»ff«4RU(2LTOBt2 lfclMU -lilS-VX 
4b2rff5bt^^. ^?>>:fra4*>i£Ufcff s ML 7 00 
C04 (l.ilirflf.' -rLT. LTOI2UiS. 

LTRIKCt'M. rcil^-^Sa^ 3b 

[004 13 IRI (< • llT.-fJLm) $4>C. LTO 
, &2 2 7. rtzl'zv.- rft^ftAL. x^-T^ 

iS3a. S i.-'i -,tk : * ^o^fc^kSr*. .rcoy 

3 0a. 30 b**f«t5iifcJSE*aOT< ^r-a^aMW*. 
tt * -T<-X)g 3 0 ;i ftSfeXk vSri^g*o{fi* 

. [0045] - CU 5(a) t-T^XM] LTOI225: 

JB&(y-MBHfcK> 7 5rSi£-f£. #B3«g 
Jgtil 080r>^, -r^. y-h^ai7o±tc 

-I^fc§OJi)tJ8j«K(iG 0 0«Ck-f-5>. 
[0 04 6] CH5 ( b) CTx-TXaD y- 
h**K7«TO**»&B!*U:i*.- LTO J: 0^-^*6 

j£Mjft0eu4 2 5 v ct-& o . i&mmz 100 o-cor- 

CH 5 ( c ) (Z^-rx^D * LT. M?ST-0^xyN'-y 
uy^jroy-x^ni 0&tfKU>r >^ffil 1£ 

Kg-r&. &tz. $mmz i ooow--/^ff 

[0047] i<7)<t ? (C IT , HI (C^-r«>tV-M 
OSFET*^^|>. #C. Ztrymi'^ '-MO SF 
BT^ftsffl (IMP) tKW4.'*MOSFETtt>- 



* *)vm 5 iz& i vc dp ^ y r (i . p - Mestfbsst^-.x 

ftig 3a. 3 b k f-v 5 t ^Ot^-tf-r > 

h^M8 b nfficottmm&co&izX Q£&fcttffl(cj: o 
-C£i£2^fc$ix£. stfy^ya^y— hmffiSfcfcE 

& ERJo-f S i b IZ& 0 . S® f - 5 b # V > 'J 3 
^y- MESS k OSOtt^S^Olli: ^SC*^^91JD 

[0048] -otO. tfyisVay?— hM&8cr>ttm 

mgLzminti-mfmbbL. p- mmimm^-^mm 
3a. 3bcDftmmzm2<7>i±wmwib u 

^1^® 5 Otfc^|^5rm3 ffy^MmWLb LtzbZ.Wl 
3 <7)tt^0S<7)|| £t Offl LT t ' a®^-r 5 <7) 

nsodf-r u Tzmzit-tzmzfn 1 — ^3 Oft*59SSc 

k ^B^^r 5 0^^««5.tflPJ9^K^-rS >! 

[0049] ttz. *7tmiz&\,->T. szm&ii. P 
- mm.^m^-^w$i 3a, 3b y ^ y 3 >y 

mS8tC*fLTjE^'fTX2rtt*&i-St. y-b^i 
ffit ( S i o 2 ) 7 ta®f-r*;we5 bcofflcoft-mzte 
V^Tn* fi'/-XSW4a. 4bs!)»4>n- SKU7KfR. 

^4 a. 4b *^«ffif-^r^;p® 5 £g& L^Hf--v 
^;P«5*»^>n- M^-ffa^xe«2{2»£h.5. 
T» n- HKfl«SRxeJi2 (Ky^hflW) tzmti 
b. Vm. M^-ft^^f^K 1 (n + KW 

[ 0 0 5 0 ] 3 tcy-h«ai8i;iEOlffi2rEPlia 

UfiSS*. y-x@Eil 0 k HU-<^®S1 1 toS^ 

[0 0 5 1 ] ##Wc46. KOMOSFETO 

mm?**. 0 zcWfBmotm'* 1 ? -mo s f e rizteii 

ftL*v>tf«EVthfcov»TK^-r*. -JRW(C 
SMOSFE v>®Vth{ii^^<}: 3 t^Six 

-s. 

[0052] 

[3&3] Vth=VFB+2*B 
fIL. VFB=<^ibs- (Qs -HQfc-i-Qi +Qss) /Cox 

[0053] 

[J&4] Vth=^ms- (Qs +Qfc + Qi +Qss) /Q 
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ox+ 2 <£B 

Kli&B k ^tt^tt^gScH ( 

— H) ^ms. hWLim ( S i 0 2 ) kn- SJfkO 
(lilT. S i0 2 /Si C#mkV^ ) <9®£ 
^ifQ f < . BMtR+^)'«T»-f sf^Q i . &l?S i Oj 
/S i Clf-M<?^®^?5fQ s siO^gtc i-oTx^;^ 

— vtfMft>tL*..z.*>i&h* c^x^jnf— Ay 

t#>S^E2*B fc*>*ttf*LfcvH«EEVthi:*9. ± 

[00 543 iitfc3S^v^4«3tWIBk:4»*tft WKtt 

k. KteM^MOSFETtCifcLTp- S<-*^ig3 
a. 3 b2M^ffl?-r*;WB 5 fct>ft£ P N££tf>t« 

Vbui It ( P N&-£<0 bVW h -f V^E ) 
SBf- */WB 5 <0X*;Mf — Ay Yi3 t Mfbti& Z. k 

[00553 

[f&5 3 Vth=Vbuilt + <t>m- (Qs +Qfc+Qi + 
Qss) /Cox 

•f % . * 5 O P NS^ffTtitirVRR 

svbuiit . y-hffigag7raiT«#«k^»#^tt^ 

(Qs +Qfc + Qi +Qss) /CeoetCSBtT 

[00563 zwztb. jzmw&miz&i-rzmmMo 

S F E TO L ft t V thtig^ 3 <9 J: 5 ft. 

figoT. *3W»BttTtt, Ifca;5fc^$ill> .Lft U 
£1IEEVthIiLL«o«E£ h EPin^a b~t&£o 
*>X^&. 

-r. . ^ 1 msmmiz*t Lxzt>%&*y 

coltish twMrftu mtc&n&iz^xnx-®, 

[00 573 06 t-^fJ: 0 fc v 4&mwmxi±. n- 
MMfl:^xtre2<7)0^, p- S<-*H$3a, 3 
bOfflSBC&^f&gBftk'SrS J-FETgC^. p- S 
<-Atm3 a . 3 b J: 0 t SteSSS 4 T'^fiJtS 
*U:n* ffl^>OaSJn:«K3 0*«flliibiiTV^*. -ZOffi 
ffi£i«JS 3 0J J, Ura^-r 5 \zmf& UzftflL k =5: 

[ 0 0 5 S 3 0 tZffifSLZix&amW-MOS F 

*)Vm 5 C7>&f&.mz . n STOtife 2: J - F E TUBl: SIR 

*y&A-t & £ k tct r>xjm-t& z k * { rft 



ft. J.-FET^^Jfi^h^t-f). (SS^7-MO 
S F E T<D* y}gfii£ $ h fcfiiW* Z k #Tft S . 

[00593 **:. £ <0«k 0 izm£$mt&3 0 

S£kt±0. P" M^ft^^-^-MS 3 a . 3b*> 

Zmizi nXJ-FE T»ttJtt*«8BBBO« (USB' 
ttlj faco®) tfm>^~f&Z.b£tfi±'?&Z.bii s X'Z 

z.<?>tz#>. ^m&^i&'Hz£&mimnmteM 

ik-rSdk^'T'fti.. 

[ 0 0 6 0 3 mi iz^ xmm&miz&v&im^v-M 

OSFETOKW V^gglD - HW>tEVD ItS 
arjjrf . ^rfe, ##k tT, «a+(C||l 1 3S5©$S£fc 
tt&jgffi^V-MOSFETOKW I D -KU 

■i >mffiVD ^«r^-T„ CIOSCt^$ixi» idle. 
®S4a^iS3 0*^B2$iu^*HitWcfe{tl,^y\' 
7-MOSFETti. JUlWfiBJBtiift&affi/^- 
M O S F E T k ik/^X , $^>^l«l— OHl^^>^EVD 
O^tC^h.^ HP-f VlESSVD *^ft <^oTUSCi: 

[00613 £oi3c mmmmsozrmmt^z 

ttzX a^^^-MOSFET^VgtaO^^.^- 
S{£MSrES£k^Tft^„ ffiffi!ii^3 0{2. 
128, H9C^-tJ;piw. p- I's-^Sa. 3b 

wor<TtA<»5w* izmzmmtizmmzti wc . 

P - K-Xll^Sa. 3 bi^O^a^ffitXjrpSO-r 
SflBST&itifJ:^. ^rfc\ £ii^i0ffiSSi^3 Oii 

[00623 (memwm) iMsm&mxii. n- 

.i!Kfl^*xtrfl|2<?>aii«ai^p- 
«M3a. 3b^a®Si5 (fUfffi) (Cit^>f 3j->^A$- 
'fioZklz£ *)mm*f->r*)Vm5$:&&Ll,X\i&ii i . H 
1 0tw^i-«kpt;£ii^£7)JblCn- S^aB-f'+^A'Ji 
SSrXb'^S^r^fix^S-tf&ipKU ^Of*7*h 

*>immm<F>&ttn nwx&faimm.%mimzm<-t 

7-MO S FET^8Sjt^-§0^»t U\ 

[00633 011 X n + ly-^. 

^4a, 4b%m&LXi$^timz* n* SLV-ZM 
«4a. 4b^ P - M^tS^-X^3a, 3b» 

n- M^-ft^xb-^ 2 o«Bn±^af-^^a 5 

S-xtT^^f^^/PEJt^S-frSJ: 0 £L*LOl-:fcvvt\ 
f-r*'HR«k5r*«#5 at^h^S*5 b Srn- 
kLT?gBg-t-i»J:dCLTt«kv^ (SU io«*tctJ 
V^Tt«Bf-^^J15arXb^df^^;^^$-»2- % ^~ 
O^$^»ic01 0iZ7jk-fi>v>tmmz4*>&XZ?r*> 
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[ o o 6 4 3 $ *2saeHBTtt» ffismm^3 

0*>aS^^^;U@ 5 fcSSJfrf 4 «fc a C*gfi!t 

i%& . <B3££lTllg 3 0 *r^®^r 5 Ogfcfr 5 b i: 

* *>\sM 5 i 0 1 ftiftft J: =5r h X o kzw&th z b ifiX 

Xfltg 3a, 3b * Wte/Js$ < -T 4 £ 

f . &M>'N'7-MOSFET<0I}ff£fa±$-£S < r tW 

[02 3 01 Kfctt&SgM^y-MOS FEm>1S 

mxh&. 

[03 3 UltC^'tl^^^-MOSFETcOMjtXS 
£*rf0T*2>£. 

IM4) m3lZ&<mL'*7-MOSFETcr>m3MJm 

^•tmx'hh. 



[05 3 04^<|gS>'N*'7-MOSFET<?^iiXg 

[H6 3 ^mm&imsmmttm&wmw-Mo 

SFET*O{0Tra0T*£>.S>. 

[07 3 06(C^-ff^N'y-MOSFETOKW y 
m«£ ID - K W >i|ffVD W&tt-^X'hZ . 

[08 3 5 J: 0 t^^fiStjt^S O £ 

J&Jdc L3t*8£-£5r$-0i:-& l . 

[093 *Bff-f-v 5 1 (ESftnnK 3 o tmxx v * 

l.^-2:^-r0T-$>-5). 

[0103 1&<7)mMiBmz&l1rhWm/'<7'-MO S F E 
T £f8>?&?-& fc*>o8li®0TJ>& . 

[0113 mcommmtziufhwm^v-MosFE 
[0123 ttm/jmtzmmLtzm&vp-MosF 

[#^)f&i!J§3 

i-n* m.8t<vm*mfc&&. 2-n- sawiseRx 

t^^y^r^JS. 3a. 3b- P - MJS-ftSiS^-^ 

ig. 4a. 4b-n + fiy-XffigL 

i(n- SSiCf) . 5 a-n- MM£>gfc»\ 5 b— 



[013 



[033 



7 8 9 



4a 3a n* 



3b 4b 



la lb 



r 



(a) 



(b) 



20 



3 a. 



(c) 



5a Sb 



N* 



3b 
2 
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[H6] [|273 




[H10] [011] 
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[HI 2] 




D 



BNSDOCID: <JP_41 1266017A__J_> 



